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(57)Abstract: 

PURPOSE: To reduce the loss of an eddy current by a method wherein Cao and Si02 are made to solubilize in a specified ratio 
in the crystal grains of a spinel type Mn-Zn ferrite as the subcomponents of the ferrite. 

CONSTITUTION: A spinal type Mn-Zn ferrite contains 30 to 42mol% of MnO and 4 to 1 9 mol % of ZnO with the remnant of 
Fe203 as its main components and contains CaO and Si02 as its subcomponents. At least one kind of a compound out of these 
subcomponents is a low-loss magnetic material being solid solubilized in spinel crystal grains. Thereby, the loss of the Mn-Zn 
ferrite is a loss lower than that of a conventional Mn-Zn ferrite and the Mn-Zn ferrite, which shows a superior performance as the 
material for a transformer of a switching power supply or the like, can be obtained. 
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4. 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim l].It is Fe 203 as a principal component as 30-42-mol % of MnO, 4-19-mol % of ZnO and, and the remainder. It contains 
and is CaO and Si02 as an accessory constituent. It is the low loss magnetic material characterized by the thing of the 
aforementioned accessory constituent which a kind at least is dissolving in spinel crystal grain in the included spinel type Mn-Zn 
system ferrite. 

[Claim 2] It sets to a low loss magnetic material according to claim 1, and is Nb 205 as an accessory constituent further. Low loss 
magnetic material characterized by carrying out content zero to 0.08% of the weight (0 not containing). 
[Claim 3] In CaO, the amount of the accessory constituent which is carrying out [ aforementioned ] dissolution in the low loss 
magnetic material according to claim 1 or 2 is within the limits of 10 - 70% of the CaO total content, and is Si02. A case is Si02. 
Low loss magnetic material characterized by being within the limits 10 to 60% of the total content. 

[Claim 4] Setting to a low loss magnetic material according to claim 2 or 3, Nb 205 is Nb 205 in spinel crystal grain. Low loss 
magnetic material characterized by dissolving within the limits of 20 - 70% of AUW. 

[Claim 5] calcinating [ oxygen tension / in 10% or less of atmosphere ]-in manufacture method of spinel type Mn-Zn system 
ferrite sintered compact ****-- the manufacture method of the low loss magnetic material characterized by things 
[Claim 6] as a principal component — as 30-42-mol % of MnO, 4-19-mol % of ZnO and, and the remainder — Fe 203 the 
included spinel type Mn-Zn system ferrite sintered compact — setting - sintering volume density — at least — 4.9 g/cm3 it is — 
low loss magnetic material characterized by things 

[Claim 7] Setting to a low loss magnetic material according to claim 6, the aforementioned sintered compact is Nb 205 as an 
accessory constituent. Low loss magnetic material characterized by carrying out content zero to 0.08% of the weight (0 not 
containing). 

[Claim 8] calcinating [ carrying out a temperature up in nitrogen atmosphere ]-in manufacture method of spinel type Mn-Zn 
system ferrite sintered compact ****-- the manufacture method of the low loss magnetic material characterized by things 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the spinel type Mn-Zn system ferrite used for the main transformer or smooth 
choke of switching power supply, the transformer material for power supplies, etc., and its manufacture method in more detail 
about low loss nature material. 
[0002] 

[Description of the Prior Art] Conventionally, as for the transformer material for switching power supply and power supplies etc., 
that the drive frequency of whose is about -200kHz has been used. 

[0003] The high performance of various electronic equipment in recent years and progress of a miniaturization are remarkable, 
and much more highly-efficient-izing of the transformer material for switching power supply and power supplies etc. and a 
miniaturization are just going to desire in connection with it. 

[0004] So, much more low loss-ization of a main transformer or a smooth choke, and the Mn-Zn system ferrite used for the 
transformer material for power supplies is desired. The present condition is that the examination to RF-izing of switching 
frequency and drive frequency is also remarkable in every direction, and an about 1MHz power supply is also being produced 
commercially for the formation of small lightweight. - 

[0005] Usually generally the spinel type Mn-Zn ferrite is manufactured by the spinel type Mn-Zn ferrite used for the transformer 
material for power supplies etc. here with powder-metallurgy processing which has the process of mixture, ****, trituration, a 
granulation, fabrication, and baking, and the sintering volume density is at most 4.75 - 4.85 gr/cm3. It is a grade. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when the conventional spinel type Mn-Zn system ferrite was used by RF 
like 1MHz, it had the fault that generation of heat by the power loss of a ferrite was remarkable, and the function could not be 
achieved effectively. 

[0007] Moreover, in the conventional powder-metallurgy processing mentioned above, powder particle size was controlled by 
trituration after ****, and the density and the organization of a sintered compact are controlled by balance with a firing 
environments and temperature. Although there is also a method of making powder particle size fine as a means which raises 
density, and making high the retention temperature at the time of baking, magnetic properties not only deteriorate remarkably by 
unusual grain growth, but in both, the former has the fault that trituration time becomes long and exhaustion of a grinder and 
media becomes remarkable. The still greater burden to a firing furnace in the latter starts, and since the life of a furnace is cost 
quantity in short ****, it is not desirable. 

[0008] Thus, the manufactured spinel type Mn-Zn ferrites itself are about 5.2 gr/cm3. Although it has the density of a grade, it is 
not attained in powder-metallurgy processing with general making sintering volume density improve to there in the present 
condition. So, low, value with a sufficient core loss value was not acquired, and initial permeability (mui), saturation magnetic 
flux density (Bs), etc. were not able to employ efficiently the outstanding magnetic properties which an original Mn-Zn ferrite has. 

[0009] Then, the technical technical problem of this invention was made in order to respond to low-loss-ization of a spinel type 
Mn-Zn system ferrite being desired to use of the whole region from low frequency to a RF, it removes the fault of the 
aforementioned conventional technology, it has few power losses and they are also in the high frequency band near [ about 
100kHz to ] 1MHz to offer the low-loss magnetic material which suppressed generation of heat effectively, and its manufacture 
method. 
[0010] 

[Means for Solving the Problem] CaO and Si02 which are generally contained as an accessory constituent in a spinel type Mn-Zn 
system ferrite Although a grain-boundary phase is formed in a grain boundary This invention persons are these [ CaO and Si02 ] 
which are accessory constituents, as a result of performing various examination. By carrying out specific ratio dissolution not only 
a grain-boundary phase but into crystal grain The problem mentioned above is solved and it discovers that a much more low loss 
spinel type Mn-Zn system ferrite is obtained. 

[001 1 ] According to this invention, it is Fe 203 as a principal component as 30-42-mol % of MnO, 4-1 9-mol % of ZnO and, and 
the remainder. It contains and is CaO and Si02 as an accessory constituent. In the included spinel type Mn-Zn system ferrite, the 
low loss magnetic material characterized by the thing of the aforementioned accessory constituent which a kind is dissolving in 
spinel crystal grain is obtained at least. 
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[0012] In CaO, the amount of the accessory constituent which is carrying out [ aforementioned ] dissolution in the aforementioned 
low loss magnetic material according to this invention is within the limits of 10 - 70% of the CaO total content, and is Si02. A 
case is Si02. The low loss magnetic material characterized by being within the limits 10 to 60% of the total content is obtained. 
[0013] namely, — this invention ~ a spinel type Mn-Zn system ferrite -- as an accessory constituent less than [ 1.0wt% ] -- CaO 
to contain - as 10 - 70% of the CaO total content, and an accessory constituent — less than [ 1.0wt% ] -- Si02 to contain Si02 It 
is 10 - 60% of range of the total content, and by making it dissolve in a spinel crystal grain child, respectively, a core loss property 
can be improved and highly efficient-ization of switching power supply can be realized. 

[0014] Generally, to spinel type Mn-Zn system ferrite material, it sets to an about 100kHz low frequency field, and is 450 kW/m3 
now. The following core loss values are required, and it sets to the high-frequency field around 1MHz, and is 500 kW/m3. The 
following core loss values are demanded. Then, these [ CaO and Si02 ] which are accessory constituents in this invention By 
carrying out specific ratio dissolution not only a grain-boundary phase but into crystal grain That improvement in a core loss 
property was able to be aimed at so that the above-mentioned demand may be filled Oxygen tension Si02 and CaO can be made 
to dissolve in specific **** by calcinating under 0 - 10%, and the atmosphere controlled moderately, and it becomes possible to 
make small the difference of the grain-boundary phase of a ferrite, and the degree of oxidization of the main phase crystal, 
consequently crystal grain of a sintered compact and equalization of the degree of oxidization of a grain-boundary phase can be 
attained. Both the grain-boundary phase of the sintering inside-of-the-body section and the specific resistance of the main phase 
crystal improve, and it is considered because the eddy current loss mainly fell. 

[00 1 5] Moreover, this invention persons are Nb 205 as an accessory constituent, as a result of inquiring further. It discovers that 
a much more low loss spinel type Mn-Zn system ferrite is obtained by carrying out specific ratio dissolution not only a 
grain-boundary phase but into crystal grain. 

[0016] According to this invention, in the aforementioned low loss magnetic material, the low loss magnetic material 
characterized by carrying out content of Nb 205 zero to 0.08% of the weight (0 not containing) as an accessory constituent 
further is obtained. 

[0017] According to this invention, it sets to the aforementioned low loss magnetic material, and is Nb 205. It is Nb 205 in 
spinel crystal grain. The low loss magnetic material characterized by dissolving within the limits of 20 - 70% of AUW is 
obtained. 

[0018] That is, at this invention, it is Nb 205. Nb 205 It is 20 - 70% of range of the total content, and by making it dissolve in a 
spinel crystal grain child, a core loss property can be improved and highly efficient-ization of the transformer material for power 
supplies can be realized. 

[001 9] These [ Nb 205 ] which are accessory constituents in this invention here That improvement in a core loss property was 
able to be aimed at by carrying out specific ratio dissolution not only a grain-boundary phase but into crystal grain By calcinating 
under the atmosphere which controlled oxygen tension moderately, it is Nb 205. It becomes possible to be able to carry out 
specific ratio dissolution into crystal grain, and to make small the difference of the grain-boundary phase of a ferrite, and the 
degree of oxidization of the main phase crystal, as a result Crystal grain of a sintered compact and equalization of the degree of 
oxidization of a grain-boundary phase can be attained, both the grain-boundary phase of the sintering inside-of-the-body section 
and the specific resistance of the main phase crystal improve, and it is considered because the eddy current loss mainly fell. 
[0020] Furthermore, by this invention, it becomes possible to reduce the magnetic distorted influence produced according to the 
difference of the grain-boundary phase of the sintering inside-of-the-body section, and the internal stress of the main phase crystal, 
and high permeability can be obtained. 

[0021] Moreover, this invention persons are sintering volume density 4.9 g/cm3 It finds out that it is possible to give the 
outstanding magnetic properties which it has originally [ of a Mn-Zn ferrite ] by considering as the above to a ferrite core, 
furthermore, Nb 205 temperature up atmosphere [ in / a sintering process / further / improvement in remarkable magnetic 
properties can be aimed at because you make it contain as a less than / 0.08wt% / (for 0 not to be included) accessory constituent, 
and ] N2 ** -- it finds out that the magnetic properties which sintering volume density improved remarkably and were excellent 
in carrying out can be obtained 

[0022] according to this invention - as a principal component -- as 30-42-mol % of MnO, 4-1 9-mol % of ZnO and, and the 
remainder - Fe 203 the included spinel type Mn-Zn system ferrite sintered compact - setting - sintering volume density - at 
least - 4.9 g/cm3 it is - the low loss magnetic material characterized by things is obtained 

[0023] Moreover, according to this invention, it sets to the aforementioned low loss magnetic material, and the aforementioned 
sintered compact is Nb 205 as an accessory constituent. The low loss magnetic material characterized by carrying out content 
zero to 0.08% of the weight (0 not containing) is obtained. 

[0024] calcinating [ according to this invention / carrying out a temperature up in nitrogen atmosphere ]-in manufacture method 
of spinel type Mn-Zn system ferrite sintered compact ****-- the manufacture method of the low loss magnetic material 
characterized by things is acquired 

[0025] Here, in this invention, density improves why by carrying out a temperature up in nitrogen (N2) atmosphere, and although 
the detailed reason is unknown in the ability of improvement in remarkable magnetic properties to be aimed at, in order that grain 
growth and precise-ization may progress under the situation that the spinel reaction was promoted further, it is considered 
because homogenization of an organization was attained with improvement in density. 

[0026] Moreover, it sets to this invention and is Nb 205. It deposits in a grain boundary, electric resistance is made high, and 
there is an operation which it carries out [ operation ] control of a detailed organization and not only making an eddy current loss 
fall but raises magnetic properties, such as Bs and mui. Here, it sets to this invention and is Nb 205. The amount was made into 
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less than [ 0.08wt% ] for magnetic-properties degradation factors, such as unusual grain growth, occurring in the field exceeding 
0.08wt(s)%. Sintering volume density is 4.9 g/cm3 by the above method. It becomes possible to supply the material which whose 
magnetic properties improved remarkably and was excellent in considering as the above as transformer material for power 
supplies. It becomes improvable [ only by there not being cost quantity and a bird clapper and changing the present process a 
little / remarkable magnetic properties ] especially remarkably at this invention and is useful 
[0027] 

[Example] Hereafter, the example of the low loss magnetic material concerning this invention is explained. 
[0028] (Example 1) After having carried out weighing capacity of the powder of Fe 203 of a high grade, Mn 304, and ZnO so 
that it might be set to Fe 203 of 53 mol (mol) %, 35-mol % of MnO, and 12-mol % of ZnO, and mixing these powder with a ball 
mill, temporary quenching was carried out at about 900 degrees C. 

[0029] Next, it is 0.02% of the weight (wt%) of Si02 to this temporary-quenching powder. And 0.05wt(s)% CaO was added and 
the ball mill performed mixture and the crack further, about 2 [ next, ] after mixing a binder to the obtained powder ~ t/cm2 It 
fabricated and these profit **** Plastic solid was calcinated in burning-temperature: 1000- 1400 degree C and oxygen 
tension: 1-1 0% atmosphere. 

[0030] Drawing 1 is Si02 in the main phase crystal grain. A content is Si02. In the sample which is 30% of the total content The 
amount of CaO(s) in the main phase crystal grain 100 degrees C of each sample obtained when it was made to change, frequency 
The power loss (PB) value in lOOkHz-maximum-magnetic-flux-density-in-a-hysteresis-loop (Bm =) 2000G and the initial 
permeability (mui) value in ordinary temperature are shown. (f=) Drawing 2 The CaO content in the main phase crystal grain sets 
in the sample which is 30% of the CaO total content, and it is Si02 in the main phase crystal grain. 100 degrees C of each sample 
obtained when changing an amount, and PB in 100kHz-2000G And mui in ordinary temperature The value is shown. 
[003 1 ] CaO in drawing 1 and the main phase crystal grain of drawing 2 , and Si02 An amount is the value which showed the 
content in the main phase crystal grain which removed the grain-boundary phase by chemical etching by the ratio (%) to the total 
content. 

[0032] From drawing 1 and drawing 2 , it is Si02 in CaO at 10 - 70% of range of the CaO total content. It is Si02 then. The 
sample made to dissolve in spinel crystal grain in 10 - 60% of range of the total content, respectively has a small core loss value, 
and it turns out that high permeability is obtained. 

[0033] (Example 2) After having carried out weighing capacity of the powder of Fe 203 of a high grade, Mn 304, and ZnO so 
that it might be set to 53 -mol Fe[ % of ]2 O 3 or 39-mol % of MnO, and eight-mol % of ZnO, and mixing these powder with a 
ball mill, temporary quenching was carried out at about 900 degrees C. Next, it is 0.03wt(s)% Si02 to this temporary-quenching 
powder. And 0. 10wt(s)% CaO was added and the ball mill performed mixture and the crack further, about 2 [ next, ] after mixing 
a binder to the obtained powder — t/cm2 It fabricated and these profit **** Plastic solid was calcinated under 
burning-temperature: 1000- 1250 degree C and oxygen tension:0.1-6% atmosphere. 

[0034] Drawing 3 is Si02 in the main phase crystal grain. A content is Si02. In the sample which is 30% of the total content PB 
in 60 degrees C of each sample obtained when changing the amount of CaO(s) in the main phase crystal grain, f= 1MHz, and Bm 
=500G A value is shown, drawing 4 The CaO content in the main phase crystal grain sets in the sample which is 30% of the CaO 
total content, and it is Si02 in the main phase crystal grain. PB in 60 degrees C of each sample obtained when changing an 
amount, f= 1MHz, and Bm=500G The value is shown. 

[0035] CaO in drawing 3 and the main phase crystal grain of drawing 4 , and Si02 An amount is the value which showed the 
content in the main phase crystal grain which removed the grain-boundary phase by chemical etching by the ratio (%) to the total 
content. 

[0036] From drawing 3 and drawing 4 , it is Si02 in CaO at 10 - 70% of range of the CaO total content. It is Si02 then. As for 
the sample made to dissolve in spinel crystal grain in 10 - 60% of range of the total content, respectively, it turns out that the low 
core loss value is acquired. 

[0037] (Example 3) After having carried out weighing capacity of the powder of Fe 203 of a high grade, Mn 304, and ZnO so 
that it might be set to 53-mol Fe[%of]2 O 3 or 35-mol % of MnO, and 12-mol % of ZnO, and mixing these powder with a ball 
mill, temporary quenching was carried out at about 900 degrees C. 

[0038] next, this temporary- quenching powder - a 0.02wt(s)% Si02, 0.05wt% CaO, and 0.04wt(s)% Nb 205 It added and the 
ball mill performed mixture and the crack further, about 2 [ next, ] after mixing a binder to the obtained powder - t/cm2 It 
fabricated and these profit **** Plastic solid was calcinated in burning-temperature: 1 100-1400 degree C and oxygen 
tension: 1 - 1 0% atmosphere. 

[0039] Drawing 5 is Nb 205 in the main phase crystal grain. PB in 100 degrees C of each sample obtained when changing an 
amount, f= 1 00kHz, and Bm =2000G mui in a value and ordinary temperature The value is shown. Moreover, Nb 205 in the 
main phase crystal grain of drawing 5 An amount is the value which snowed the content in the main phase crystal grain which 
removed the grain-boundary phase by chemical etching by the ratio (%) to the total content. 

[0040] From drawing 5 , it is Nb 205. At 20 - 70% of range of the total content, it is Nb 205. As for the sample made to dissolve 
in spinel crystal grain, it turns out that the low core loss value is acquired. 

(Example 4) After having carried out weighing capacity of the powder of Fe 203 of a high grade, Mn 304, and ZnO so that it 
might be set to 53-mol Fe[ % of ]2 O 3 or 39-mol % of MnO, and eight-mol % of ZnO, and mixing these powder with a ball mill, 
temporary quenching was carried out at about 900 degrees C. Next, a 0.03 wt(s)% Si02, a 0. 1 0wt% CaO, and 0.04wt(s)% Nb 
205 were added to this temporary-quenching powder, and the ball mill performed mixture and the crack further, about 2 [ next, ] 
after mixing a binder to the obtained powder - t/cm2 It fabricated and these profit **** Plastic solid was calcinated in 
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burning-temperature: 1 100-1400 degree C and the atmosphere not more than oxygen tension:3%. 

[0041] Drawing 6 is Nb 205 in the main phase crystal grain. 60 degrees C of each sample obtained when changing a content, and 
PB in lkHz-500G The value is shown. Nb 205 in the main phase crystal grain of drawing 6 An amount is the value which 
showed the content in the main phase crystal grain which removed the grain-boundary phase by chemical etching by the ratio (%) 
to the total content. 

[0042] From drawing 6 , it is Nb 205. At 20 - 70% of range of the total content, it is Nb 205. As for the sample made to dissolve 
in spinel crystal grain, it turns out that the low core loss value is acquired. 

[0043] (Example 5) At the same process as an example 1, it is Nb 205. The sample which was changed and was added to 0 - 
0.10wt% was created. Drawing 7 is Nb 205 of this sample. A content, 100 degrees C, andPB in 1 OOkHz-2000G mui in a value 
and ordinary temperature The relation with a value is shown. 

[0044] From drawing 7 , it is Nb 205. It turns out that the magnetic properties in which the content was excellent at the time of 0 
- 0.08wt% (except for 0%) are obtained. 

[0045] (Example 6) Fe 203 of a high grade, Mn 304, and a ZnO raw material are blended, and it was made to be set to 52.5Fe2 
03-35MnO-12.5ZnO (mol %). Next, this combination powder was mixed and ****( e d) with the ball mill, the ball mill ground 
further again, and mixed postforming of BAND A was carried out. And the obtained Plastic solid changed temperature up 
atmosphere, temperature, and maintenance conditions, and the baking object was acquired. Sintering volume density and the 
obtained.magnetic properties are shown in the following table 1 . Sintering volume density is 4.9 g/cm3 . It turns out that any 
magnetic properties are excellent in the above sample. 



[0046] 
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[0047] (Example 7) It is the powder-molding object acquired in the example 1 N2 It calcinated by the inside temperature up and 
the temperature up in the atmosphere. Maintenance considers as 1300 degrees C, and atmosphere is N2. 02 It considered as the 
inside of mixed gas. It is the temperature up section to the following table 2 N2 The magnetic properties of the material made into 
atmosphere and the atmosphere in air (Air) are shown. It is the temperature up section N2 Magnetic properties excellent in the 
direction carried out are shown. 



[0048] 
Table 2] 
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[0049] (Example 8) At the same process as an example 1 , it is Nb 205. The sample which was changed and was added to 0 - 
0.1 wt% was created. 

[0050] It is Nb 205 to the following table 3. The magnetic properties when changing an amount are shown. Nb 205 The 
magnetic properties which were excellent at the time not more than 0.08wt% (0 is not included) are shown. 
[0051] 
[Table 3] 
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[0052] 

[Effect of the Invention] In the method of manufacturing a Mn-Zn system ferrite with the usual powder-metallurgy processing 
according to this invention as more than stated With a calcium oxide, the calcium oxide and silicon dioxide which are an 
accessory constituent by making 10 - 60% of the silicon-dioxide total content 10 - 70% of the calcium-oxide total content dissolve 
in spinel crystal grain by the silicon dioxide, respectively The Mn-Zn system ferrite which shows the performance which was 
excellent in low loss as transformer material, such as switching power supply, can be obtained rather than the conventional 
Mn-Zn system ferrite. 

[0053] Moreover, according to this invention, a Mn-Zn system ferrite is set to the method of manufacturing with the usual 
powder-metallurgy processing. Nb 205 which is an accessory constituent It is Nb 205 to eye ****** and a pan at the range of 0 
- 0.08wt% (except for 0%). In spinel crystal grain, it is Nb 205. When the total content makes it dissolve 20 to 70% The Mn-Zn 
system ferrite which shows the performance which was excellent in low loss as transformer material for power supplies can be 
offered rather than the conventional Mn-Zn system ferrite. 

[0054] Furthermore, according to this invention, it is sintering volume density 4.9 g/cm3 Improvement in magnetic properties is 
remarkably realized by considering as the above. Moreover, in this case, it is Nb 205. It considers as less than [ 0.08wt% ] (0 is 
not included), and is N2 further. It is density by using the baking pattern which carries out a temperature up in inside 4.9 g/cm3 It 
can consider as the above. This is density 4.9g/cm 3 It is because the outstanding magnetic properties which it has originally [ of a 
Mn-Zn ferrite ] are securable by considering as the above, and is N2. The temperature up in inside is considered that it has 
contributed to high property-ization that the grain growth and precise-izing under the situation that the spinel-ized reaction was 
promoted further advance. 



[Translation done.] 
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(54) i8hj<z>£»] m^mn&tf*o>imm 

(57) [S»] 

[Bft] lOOkHzSK-l'MHzffifiOKfflftff 

O. Si0 2 3ltffi»^tLTO. 08ti 

%filT^Nb 2 Os £-£tf*e*;l/SMn-Zn&7x 

Jl'ISafi+fcB* U *Wli*gg{iC a O-CttC a 
-&#J:tf)l 0~7 0%. S i Oz T'JiS i 0 2 
C7).l 0—6 0%.. Nb 2 Os T(±Nb 2 0& ®m&<7)2 
0-70 %Xh h . i O&Jft&Bf&mtt . 1 0 %OT 

mwtsmmmimit, xw;HMn-zni7 

17^ 9 . 1ffiMl9VW%:< t t> 4 . 9 

g/cra' i^)«aWKiiW^4:LTNbi O 
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im&l] ±fimLT3 0~~4 2 ; E;U%OMn 
O. 4-1 9Vl>%(r>ZnORlfflMt LXFez Oa 

m&iftb LTCaOiSiOi Sr£trXK*/P 
IMn-Zn|7i5^f MCfcWt, BUfBlMfl^ft 

< k t-a(±. * t*;nsfla«tifcffl» uo*£ t * 
i 23 m#i i mknm&ammtii * > 

t. 55fcMsR#kl/CNbi Os $-0-0. 08**% 

[ Bwwr 3 1 w*js i x<4 2 ett»fiif»c«i»mic 

CaO^^TJIOl 0~7 0XO«Hl*rC* l 5. S 
i0 2 <Dtg,£li, SiOz tfc^Aai 0~6 0%«H 

[ mm* ] mm 2 xii 3 iaaoffi«jfe«tttmfc: 

iJWC, Nb 2 OBttxe*;HSJM!&4>fcNbi Os & 

HcosattrScfciivvc, s*#£E#io%jaT*>»Htti 

[a*«6 ] ±##k L-T 3 0—4 2 ^%<DM n 
O, 4 — 1 9=t^%<7yZnOmm3kLXFez O3 
$*tr*e*A<fflMn-Zh3R7x5>f MWHWciiH 
T, ttfcHcfc** 1 ^^ k t> 4 . 9 g/c in' 

tl*RJS7] IS««6fEii^£a*KtttfiPKc*j^ 30 
X, mieMIS«c{iI!l^kLTNb2 O5 5:0-0. 0 

*BMttm. 
m 

[000 1] 

[mm^mmmi *m&, m^mm^ni, 40 

5KCBKI4.- *4 -yf-y^ttB^-f yh^yx$,|> 
[00023 

xmii, zwmmftmctf- 200kHz ws.<^> t> <n 

[00033 m<ozm?ffl&(o%&®w>m<t<?) 
aBu*u<. *tusmiz<i v+>mm. i&sfflh 50 
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2 

i>kc:*-cs>&. 

[00043 *tU&, tJybyyzb&Wi^&l-a 
-?&k'^, lilfflhy^tffll^jil-Mn-Zn 

muttzmim £> ^snre* l < . imhz^co 

[000 53 dClT, TOSWh^yxWffcfflV^iii 
^;HMn-Zn7i7<Hi, WIMKWte. X 
t*;HMn-Zn7x^ M4il£ ■ ■ »» ■ & 

tlTfc 1 }, *<Mmfctgffiat\,W>4. 7 5~4. 8 

5gr/cm3 SLKTfcS. 

[00063 

^HMn-Znl7i7-( b£ 1 MH J; d&HSJS 
oXiH&GLX^fi:. 

[ 0 0 0 7 3 ±»Lfct^<0»*»jfrtt(ci3Vvc 

Belfast *)*£v*te J: OJ^tt^A&tffflNte 
nyhnwH,TV^|,. WJgSriaLkStf&^&k tT» 

[0 0083 i<0j:p(C, Wfr&*lfcXtf**fflMn- 
Zn7i7^f hS#(i*v5. 2gr/cm3 SS^?gJS 

tf)l»;k* 1 -«^*}&^T-(4^c$tlTV^V^ * 

^4!c, ®mwm (ixi ) , jawE^^K ( b s ) wis 

n-Zn7*7^( htf5^*aHlfe«SEWtt*4*»ti 
1 0 0.0 9 3 KT,' *^««f«)iMti , ffiJH^ 

L, 100kHzg«A»A>lMHzf+jfifl5affl»W«fc: 

«*ett«^t&^-?-oi!St^^m«i- « i k fc» 5 . 

[00 103 

-Zn|7x7-< htSM^kLT-^W^flSCaO, 
S i 0 2 tt*fcttJra*#jfc**l:33h.TV*sa*. 



3 

fL^CaOtS i 0 2 5r, SMHB«KMt4>'f , 
t»3eJt*ffl»* L*>* £ i: J: •) . MM LfclflJIH* 

54 h 4>it* i k Ufc t> Of* * . 

[ooii] iwar , tEsmt vx 3 0-4 2 

^r;U%C0MnO, 4-1 9*/W%OZ n OMffi&b L 
TFei O3 SlJ&ftkLTCaOfcS i O2 £ 

*tf*tfJM<§iMn-Zn3R7x94 hfcfcWt. MIS 

[0012] immzimx, mummmmizts 

CaOJ£#3rJ;01 0-7 0%c7)KHrtTS,0. SiO 
2 0>*£tt, S i 0 Z ij&3-#M<7>l 0-6 0%KHrtT 

[0013] -Tbbh. *JMBT»i, X t*/l«M n - 
Zn3R7x54M=, IMiftkLTl. 0wt%mT£ 
*SiiaCaO£CaO«&-Mr*0)l 0-7 0%, W*. 
%t LT1 . Owt%J3lT**S<t4SiOi SrSiO 
2 &-£-«oi 0-6 0%<t>*EBIT, *fi-^hJ*t*;P 
ttfttt^ L#>* d k J: "9 , 37 d^W 

&#t& , *4 vi-yfw&ammitimx'M * t» 

OT***. 

[0014] mt-f&mzte, ^f^HM n-Zn| 
7x54 hmzttLX, 10 0kHzgfl[<Offiffl«fWi 
^KtJOTfi. 4 50kW/m3 OToaToXffl*^ 
XZtl, lMHz«ffiW)*ffll8W»«te*JV^Ttt, 5 0 
OkW/m* B[T«arn^«3&«B*StiTV^*. 

t, *«wtrii, Mj£#T*a*£*iA>cao,Rtfs io 

2 Sr. tMMB0**6r, tt*Srt^fc1«JgH*ffl»S 
-£*£k£J:9, ±3$g$iffifZt*?lz, arnxfi 
ttO|6|_bWaftfc«{i. I$l#,E£0~io%kiU£fc 
ayhn-^LfcS^TT'ttfi^ifcT'S i O2. , 
CaO*«fS«Srtt@»S*6Cfc*«*C*, 7x54 

h **MW8 k ±«lt*oiMKKoa*/hS < -r * i k # 
JB*>ti*. 

[0 0 1 5 3 WdttffcffofclS 
H. BWc^ktTNbi ,0s *, IMMIO**^. It 
B B H fert^i ) #M:^ll^L»Sik(ci:'3, JrO-S 
fia^^Xtr^/l/SMn-Z n*7x5-f>3WSfc;h.S 

[0016] , mmmmmmizts 

^X. WcSS&ft k LT N b 2 OsfcO-O. 0 8Sfi 
% (OI4**-f) £Wt-*£k£#$kt&{£ftfc«tt 

[0017] xmizztm, mmmmmmzti 



(3) #BM l 6-3 2 59 20 

4 

^T, Nb2 05 tt^tr^*sas+fcNb 2 06 
SO 2 0 - 7 0 %0«fflflTHit LX^lZb £#S!k 

[ 0 0 1 8 ] t&*>*> , ftWtfCti, Nb 2 O5 £Nb 
2 Ob |g-££:»O2 0-7 0%O®HT, Xb"4-^a 
e^+tffltB* W>* £ k fc J; 0 , n TozWffif 
T# . miSffl h 5 *x#^?65ttf8ft£3llST*£ 1 1 OT' 
*>*. 

[00 19] dClT, *JBBfctJ^T. IM^T*>*iI 

10 n^Nb 2 o 6 *fstiMa<war^i', nflfifl^ttts 
fcoii, mmzmsft&mmitzim&TX'm&t * 

£kT. Nb2 O5 «rtefl»rt^»SgflM85**£ 

k #ts , 7 x 5 4 h oa#ta k ifflisnoitfugcoii 
tfc*«rt*i:*9. ^*kLT, mm 

mttw±m&ommmz\iii±L, Mz-mwi 

[0020] mz^mizx 13 , ^s*rtgpo©*fik 

20 ±«»flOrt»J^<9«fcJ:oT±t*«KWfcSa» 
* { T'^*„ 

[ 0 02 1 ] ttz, 8mm%LZ4 . 9 

g/cm3 &±ti-& ;ttMn-Zn7x 54 h-O* 
3|E*1-S«*lfcaSW*tt*7x74 h37tftfc*«: 
k**"rt6T**£kS:ailJLfetc7)Tft*. Hfc. Nb 
2 Os £0. 0 8wt%iaT(6fc**-f) iM^kL 
'T***L»*£kT*LV^a««tt<0l*I±3Wi, $ 

30 ^^S*^L<(6]±USayt:Em#tt^^*£k* 5 

xziit turn tti t> OT** . 

[0022] *»BH(c ifttf , LT 3 0-4 2 

^;P%C0MnO, 4-19*;l/%(7)ZnOaVSSPkL 
TFej 0 3 ^#tJXfcf^;l-SM n-Znl7i 54 h 

fliisftcic^ v >t , «as«s»ie*^«r < k i> 4 . 9g/ c 
x'h&ztm®b-tmmmmtmmi>ti 

1. 

1 0 0 2 3 ] J:*itf, l!nBfi£«*SfxW 

WfcM^T.-WIB^fWiffllK^'kUTNbj Os ^0 
40 -0. 0 8««% (Oli-ti-T) tt-t&Zbitmb 

[0024] **Uf . ^tr^/UMM n-Znl 

7 x 5 4 h ^fefrOMJi*ffi(^fc V ^X , M*#HM+T 

[002 5] ZZT, *JHBtefcV^T. MS (N 2 ) # 
50 K. Wfc^trfc»*K^|(i±t*totilloJWrft*« 



5 

[0026] *fHBfc*JV^r, Nb 2 Os tt, ft 

SMHtefcWC. Nb! 0 5 coii 0. 0 8wt%OTi 
LfcOliO. 08wt%fcMlite««-Cl«l«lft«JW 

[0027] 

[00 28] (»ll)SM«0Fei Oa , Mns 
04 , ZnOcD$*£, 5 3t/Kmo l)%«Fei 
Oa , 3 5^%<0MnO, 1 2W%?>ZnOk.-%& 

#J9 0 0*CC«MU:. 

[0 0 29] aOC^OfifttoftCO. 0 2ll%(wt 
%) (7)S i 0 2 RtfO. 0 5wt%«CaOSiJllll 

TflBBU ;^»4>*ifc*»**«lKilK: 10 00 
-14 0 0'C, K£#£ : 1 -1 0 ^O^ffl^T'Mjt 

[ 0 0 3 0 ] H Hi. ±ffl*£B a B&rtWS i O2 ##ft 
SiOi ttfc**«03 0%"C&6Wflfct$VvC, ± 

«*sa&i*w>c a o*t^$itt^ftfe:ftfc«HR 

W10 0-C. JS]*R (f = ) 100kHz-fi*TOg 
£<B. =) 2 0 00Gfc&ltl>^9-n* (P B )|| 
&tfSiB-W*fi»g» (Mi ) ffi£*L. H2fi. 
HMtftaC a O^fflfctf, C a <MttM.a 3 0 %T 

*&«m:iijv»T. ttffig&ft<os i 02 

£i^#£ft£:&tSf4<7) ioO'C, 100kHz-2 
OOOGfcfcttSPB SXfffii(ci5(t&M tt£*LT 

[003 1 ] 0ia^S2cO±*a^ B l«l[rtcOCaO, S 
i0 2 *«. ^W*xyf-yn:J:9«W»H*llt*U 
fc±«tt*Brt<!0-MrJI*tt*Mtttt4it* (%) 

[0032] 01X^02^0, CaOT'l±CaOtg£ 
*ft<0 1 0-7 OXcOffl&X', S i O2 TtiS i O2 & 
&#fi01 0—6 0%OiEBT, *ft**ixx bengal 

[00 3 3] (Hj56#I|2) SttKOFet O3 , Mn 3 
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04 , ZnO<^*Jr, 5 3^%<0Fej O3, 3 9 
t^WMnO, 8^;U%<7)ZnOt'Srl.J:5ffSU, 
ift4>«*Sr#-/l/S /WcT»£ Ufcft, »9 0 o-c-c 
«**U:. &(::, C<0«#a»*tCO. 0 3wt%OS i 
O2 RVO. 1 0wt%C0CaO5r»L-T. 

Z1xb#btUzmm*1MM&. =10 00-12 50 

°c , mmftE : 0 . i~6 %o#iimTt'^j« . 

10 [ 0 0 3 4 ] 03li. ±ffltSJU&fl<7)S i O2 £#ft 
Si0 2 tt*jrft<03 0^"C*«K»{ClSV^. ± 

ffl«saai^<oc a oft £ssfcs-£fcii«cfc&*ifc#ijeH 

<7)60'C. f = lMHz, B. =5 00Gfci>(tSPB 
ffl£*L, 04 Ji, ±ffllSffiartOCaO***6*. C 
a 08£«<03 0 %-C**SGBfc*JWC , ±ffife H B B S 

•C, f = 1 MHz, B.= 5 0 0Gfc*JWSP» ttfciS 

[0035] 03&tf 04^±ffl& B B B 1&rt?)C a O , S 

20 i o 2 »4, it¥W%xvi-y'/iz£*)mm®£i 

(%) 7*U£TCft&. 

[0 036] 03&V'04J: , 5, C aOTtiC aOJ£-£ 
*ft<9l 0-7 0%cr>^MT. S i 02 TtiS i O2 ifcg 
10-60 %cOKffl-C' , Ztl? fix C*A«Jt 

[00 37] (Htl0l3)SMiK^Pet O3 , Mns 
04 , ZnO«Of&*?r. 5 3^%(0Fe2 Oa, 3 5 
30 t/l/%«MnO, 1 2^)V%COZ nObKZXoWML 
L, iil^^^.-K-^S/KcTiS^U^, $^9 0 0 

[0038] «(Ci<Ofi«l»*K0. 0 2wt%OSi 
O2 , 0. 0 5wt%c0CaO^lA'0. 04wt%«ON 
b 2 Os 5r»LT. SfetsK-^S^TS*, <!W^ 

«J*»aK: 1 1 0 0-14 00'C, S^E: 1-1 0 

40 [003 9] H5tt. ±ffl*Sft»rt<0Nb» Ob 

ft8^l8Jt*feilfc#KH«10 0X;, f = 100k 
Hz, B. =2 0 0 0G(3iJ(tl)PB ffiat^^fflKfcJt 

b 2 0 6 ft(i, ^»!Srxy^y^fcJ:»)aJMa&Bft* 

{%) T*Mzmvs>&. 

[0040] 05^0. Nb 2 O5 m$1l&CD20~-7 

50 
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iS5ttJK<OFe 2 0 3 , Mns O4 , ZnO 
<?>8j*£, 5 3 : E;l'%«Fe2 O3, 3 9^%«Mn 
O, 8^%<DZnOt^lXoWSil. ztitmzi 
>K-*$/WCT«l*Lfclfc. »9 0 0*C-CiS«Lfc. & 
fc. iW{S^*(CO. 03wt%OS i O2 . 0. 1 
Owt%«CaO, RVO. 04wt%(7)Nb2 OsSr 

aSoL/c, Sfefctf-A'SA'-cs*. uwfcff-jfc. & 

/cm' T*»U i^f»6nfcje»*tift«ME: 
1 1 0 0—1 4 0 OX:. : 3%£lTO»H»+ 10 

[004 1] H6«, ±ffl8fl«rt<ONbi 0 5 
*S5ftS*fc"*Kft^tUt*Sitfi«>6 0-C, 1 k H z — 
5 0 0Gfc*Jft*P« €**UTV^. H6D±ffittA 

ttrtwNbi Os JUi. ft¥ftfrx?f-vn:J:Qtitft 

10 04 2] H6i 9. Nb 2 Os 2 0~7 

0%cO®HT'. Nb2 Os *X£*/HS&ft«f»fcffl*tf 

* 



» [0043] (mn 5 ) mm 1 1 nmnmx-, n 
b 2 05 to-o. iowt%*-csEfks*Tasanufc 

KHSfWUfc. H7J±, i<otSfl<?5Nb2 Os 
fclOO'C, 1 0 0kHz-2 0 0 0GtCi>tf£>PB H 

[0044] 07«fcO. Nb! Os <D£qfrfitf0^0. 
08wt% (0%*»< ) <0^fcflHxfc«««tttf)»4) 

[004 5] (mfffl6) ftttftttFe: Os , Mns 
04 , ZnOffi£f£E£LT5 2. 5Fe 2 0 3 -3 5 
MnO-12. 5ZnO fcsflriiafcLfc. 

*tt*«ftS-tf-C«W***t. Tl»lt«B«Wf* 
fc»feftfcB»««tfciS*. g$fctf*££*<4 . 9g/c 

[0046] 
[*1 ] 



IS K 


B & 

( G ) 




i* 

u 


P m 

(KV/B 3 ) 


4.63 


4700 


2000 


8500 


510 


4.75 


4890 


2100 


3500 


450 


4.81 


5210 


2100 


4000 


450 


4.86 


5250 


2100 


4200 


380 


4.92 


5950 


2400 


5230 


310 


4.97 


5400 


2450 


5210 


300 


5.05 


5450 


2500 


5290 


295 


5.10 


5460 


2500 


6270 


300 



[0047] (msFi7 ) mmm 1 x%hwj&imm *wtt ufctm»aaH«t*5%r. mm n 2 

#*N 2 +*MBt*«+IWIT«B«Lfc. fittiil 3 0 40 **W^«»»tt*«r*-. 
O'CfcU *fc#BJW4Ni tOi oa^Xf^+kt [0 04 8] 

'fc. T*2«c*MWtN« »BJRf:ffi«(Alr) [*2] 
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. * jBj - 1 0 OkHz - at KM 
' ** u & -10 OkHz - 200G at 100TC 
*** P B -10 OkHz - 2 00G at 10 0t 
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1 0 



# ft 
9 EM 


B 5 

( G ) 






P m 

B 

(hW/n 8 ) 


(R/M 8 ) 


N 2 


5400 


2450 


5210 


300 


4.97 


Air 


5160 


2100 


4020 


480 


4.80 



[0049] (mums) mmmitmmvxmx'. n 
b 2 o 6 £o~o. iwt%4T3Efl:s-e-caainLfca 

[OO 5 0] T«3fcNbz Os Jt*«fl:§-frfcB*03tt* 



*JWWtt*^. Nb 2 0 5 *»0. 08wt%OT(0J 

[0051] 
[*3] 



N» 2 0 5 
ft * ft 


& ft 

fe/CM 8 ) 


6 8 

( G ) 




It ** 
a 


P m 


0.02 


4.91 


5800 


2500 


5140 


320 


0.04 


4.93 


5350 


2300 


5200 


280 


0.06 


4.92 


5310 


2400 


5160 


340 


0.08 


4.95 


5850 


2350 


5020 


350 


0.10 


4.98 


5240 


1900 


3980 


460 



* u ! - 1 O O kHz - at ft ft 
** ju a -1 O OkHz - 200G at 1 0 0*0 
*** P B -100 kHz - 2O0G at 1 O O *C 



[0052] 

n-Z n|7i5^ h*a»«0»*»Ai6t*!***# 

o~7o%£, -iMk^-fs-cJizawii^aeB^ft 
o i o~6 o%* , **i^*£***ffi&+fcffl*tf 

U64ikfc«t9, «WMn-Znl7i7^ hi 1 ) 

*lfctttt*55*M n - Z n*7 x 74 h £ k 6<T 

[0053] 4fc, *JHBtJ:#lHrMn-ZnjR7x5 

^TftSNbi 0 5 SrO"~0. 08wt%(0%^ 
<) SfefcNbi 0 5 *. Xt*/P 

ISJHt+fc. Nb 2 Os i#tlO20-70Xl»* 



* [ 0 O 5 4 ] «c. *W!Hfcj:fHjr, ft||fMME*4 . 
SSilS. 4)ti<0|gte, Nb 2 Os £0. 08wt% 

J«T(0**ir) kt. 3&fcN» «f»-cjww-s*i* 
rt?-yZft\\% ; i T&JK £ 4 . 9 s/c m« JJUik 

£*Ui. ***4. 9g 

tf*ifi*iWtt SrHftT^ * £ k ntztbTh 9 , 
40 N 2 +T<0*iBlixt*;HbRl63!f { J:*)-iHBtS*ifc 

CS^-U-C^SttfDkJifcfiS. 

[si j *mnm&mi£m&±tt&&mv>s i 

0 2 US i O2 *M<33 0KT&4K!Bfc 

±ffig B WJ<0CaO»fcl0 0'C, f = 1 0 
OkHz, B, =2 0 0 0G(tfcftl»'N*7-DXaaU f 
JtiB. f-100kHzt*5(t*iUi ||fc<?)|WR**^ 

50 [02 ] *JMK)ltJfcM 1 ic*5tts±«eftert<oc a 
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1 1 

h. ±«i6iH&i*Kos iOi fit i o era f = i o o 

kHz, B» =2 0 0 0G£fc(t-i>A7-DXffiRT/® 
S, f = 1 0 0kHzfcfcftS;ui tttcOW^Sr^-t0 

[03 ] *^(7)HtSM2tZt!(t^±IB^ B B B ©F*)COS i 

o 2 tss i o 2 ttmcr)3o%vhmfMz 
fctts, ifflteHWirtcocaoi-teo'c. f = imh 
z, B» =5 0 0G^i3^A-v-a7.fii:««?r^ 

[04 ] *^OHJSM2tfctt^±fflfeBlfirtOC a 
0#**^, ECaO^W*^3 0%-e*i»a^fc(t 
*. ifflSSfaSrt^S i O2 gfc6 0°C, f = 1 MH 



10 



1 2 



z, B. =5 00Gtt3(tS/N'V-nxfit^^5-^ 

2 Os *t 10 0'C, f=100kHz, B, =200 
0G(Cfc(tl>A ,, 7-PXjSS^?a, f = 100kHz 

[06 ] WJ^jifFH t*3*tl»±ffi)fe B iai*|tON b 
2 Os 1±6 0'C, f = lMHz, B„ =5 0 0GKfc 

w h A'v- a*mt <r>m s *-r 0?& & 

[07]#&^fgJ6W5fcfclt£Nb2 Os ^Wfit 
10 OX:, f = 100kHz, B. =2000G(Cfc{t 
*^-D^«RtfJlfa. f = 1 0 0kHzfc*5(t£ju 



2503 



[Hi] 
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